CLIN. CHEM. 33/10, 1928-1931 (1987) 11. Ames BN, Dubin UT. The role ofpolyaniines in the neutraliza.. tion of bacteriophage deoxyribonucleic acid. J Biol Chem The reaction of 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB, ElIman's reagent) with thiols is sensitive to daylight, in particular to ultraviolet radiation at wavelengths around 325 nm. Exposure to light at the absorbance maximum of the yellow product (the thionitrobenzoate ion) at 410 nm had no effect on the reaction. The light-sensitive species is apparently the DTNB, because a spectral-irradiation experiment showed that the wavelength of light that produced the maximum rate of absorbance change coincided with the peak absorbance of DTNB, and it was well separated from the thionitrobenzoate absorbance peak. Ascorbate is ineffective as a stabilizer and can produce an apparent increase in the rate of DTNB destruction. In a practical example we found the light interference to be severe when hydrolysis of propionylthiocholine by plasma cholinesterase (EC 3.1.1.8) was measured after a 20-mm incubation. The apparent cholinesterase activity in clear glass or plastic tubes exposed to diffuse daylight could be decreased to 25% of the value obtained for samples in light-excluded tubes. We recommend the reaction be carried out in artificial room light, with total elimination of daylight, because window glassdoes not sufficiently attenuate 325-nm wavelength irradiation. 
The reaction of 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB, ElIman's reagent) with thiols is sensitive to daylight, in particular to ultraviolet radiation at wavelengths around 325 nm. Exposure to light at the absorbance maximum of the yellow product (the thionitrobenzoate ion) at 410 nm had no effect on the reaction. The light-sensitive species is apparently the DTNB, because a spectral-irradiation experiment showed that the wavelength of light that produced the maximum rate of absorbance change coincided with the peak absorbance of DTNB, and it was well separated from the thionitrobenzoate absorbance peak. Ascorbate is ineffective as a stabilizer and can produce an apparent increase in the rate of DTNB destruction. In a practical example we found the light interference to be severe when hydrolysis of propionylthiocholine by plasma cholinesterase (EC 3.1.1.8) was measured after a 20-mm incubation. The apparent cholinesterase activity in clear glass or plastic tubes exposed to diffuse daylight could be decreased to 25% of the value obtained for samples in light-excluded tubes. We recommend the reaction be carried out in artificial room light, with total elimination of daylight, because window glassdoes not sufficiently attenuate 325-nm wavelength irradiation. (TNB), have gained it widespread use in analytical biochemistry for measuring protein and other thiols, for labeling cysteine residues, and particularly for estimating cholinesterase (EC 3.1.1.8) in plasma apd acetylcholinesterase (EC 3.1.1.9) in erythrocytes, where choline thioesters are used as substrates (2). DTNB has a broad ultraviolet spectral absorption band, peaking at 325 nm, and is almost colorless in aqueous solution. On reaction with a sulfhydryl group, its dithiol bond is cleaved to produce the intensely yellow TNB ion with peak absorbance at 410 nm.
Instability of the absorbance of DTNBITNB solutions has been reported, but without explanation (3). While attempting to set up a batch modification of the Ellman method for acetylcholinesterase (4) in which we wanted to use a 20-mm incubation, we likewise noted a marked decrease in color yield if the reaction tubes were incubated in an open water bath in daylight, with almost complete bleaching of color in the tubes exposed to direct sunlight.
Although the sensitivity of dithiols to light is well recognized (5) (6) (7) , the possibility that DTNB in solution may be unstable to light has had only superficial mention in terms of reagent darkening (8). A further report implicated oxygen as a decomposition agent for DTNB in 5 mol/L guanidine solution, the system being stabilized by addition of ascorbate (9). Others have suggested that DTNB instability is due to contamination with metal ion and have recommended EDTA as a stabilizer (10).
TIME (na)
CLINICALCHEMISTRY, Vol. 33, No. 10, 1987 1929 We therefore investigated light interference in DTNB solutions at concentrations typical ofthose used in assays of cholinesterase, and found that daylight laboratory illumination sufficiently degrades DTNB in solution as to cause a serious decrease in the apparent cholinesterase activity. We recommend that strict exclusion of daylight is essential for reliable results.
Materials and Methods
Phosphate buffer salts were from Fluka AG, Buchs, Switzerland; all other chemicals were from Sigma Chemical Co., St. Louis, MO. Water was distilled and de-ionized. All reactions were carried out in phosphate buffer (67 mniol/L, pH 7.4), with DTNB in concentrations of 70, 140, 210, and 280 psnol/L. In instances where we used ascorbate to investigate the free-radical nature of the decomposition, we added it immediately before initiating each experiment, to give final concentrations of 0.5 to 5.0 mmol/L. For experiments involving a DTNB/TNB mixture, we added cysteine to the DTNB solution to give an absorbance at 410 run in the range of0.9 to 1.1. We measured absorbances with either an SP8-100 or an SP6-550 spectrophotometer (Pye-Umcam Ltd., Cambridge CB1 2PX, U.K.). In temperature-controlled experiments, glass reaction tubes were placed on reflective aluminum foil and immersed in 20 to 30 mm of water in a water bath that was fully illuminated through a closed window but with no direct sunlight. Contents of additional tubes were kept dark by wrapping the tubes in at least two layers of thick aluminum foil, and these tubes were placed adjacent to the irradiated tubes. We allowed a 5-mm preincubation for the solutions to reach thermal stability.
For selective wavelength experiments, we irradiated 1.0 mL of DTNBITNB solution in absorbance cells (cross section 2 mm x 10 mm) in the sample compartment of an AmincoBowman spectrophotofluorometer (American Instrument Co., Silver Spring, MD), using a 1-mm entrance slit and a xenon arc lamp as a light source. According to the manufacturer's specifications the intensity of light emerging from the excitation monochromator should vary less than 20% over the range of wavelengths used.
In a practical demonstration of photolytic interference, we used a modification of a plasma cholinesterase method (8), prolonging the original 3-mu incubation at 37#{176}C to 20 mm to facilitate working with large batches of samples. The plasma was diluted 61-fold in water, and a 50-1zL aliquot was added to 2.5 mL of DTNB in phosphate buffer. We monitored substrate autohydrolysis and noncholinesterase hydrolysis of substrate in blank tubes containing physostigmine. For the tests we assayed five plasma samples, each in duplicate, firstly in a 37 #{176}C bath of clear water in daylight, and secondly under subdued fluorescent lighting with daylight totally excluded. Test reactions were stopped at exactly 20 mm by the addition of physostigmine, and the tubes were kept in the dark until their absorbances at 410 nm were measured. Figure 1 summarizes a typical experiment comparing rates of change in absorbance at 410 nm in tubes with DTNBITNB in the absence and presence of ascorbate. Little change is noted in tubes kept dark. A steady decrease in absorbance is seen in light-exposed tubes without ascorbate; but ascorbate, far from stabilizing the absorbance of TNB, caused it to increase at least as fast as the decrease seen in light-exposed tubes without added ascorbate. We observed Fig. 1 . The absorbance at 410 nm when DTNBITNB mixtures were irradiated with diffuse daylight, at 17 #{176}C (Ief and 37 #{176}C (nghl) The upperlines showthe effectof ascorbateaddition(ASO), the mkidleLines are for solutions kept dail (DARK),andthe loner linesare for light-exposed (EXP) ascorbate-free solutions this phenomenon throughout the ascorbate concentration range from 0.5 to 5.0 mmol!L, at DTNB concentrations of 0.14 mmoIJL and above, and at 17 and 37 #{176}C. We did note some evidence of thermal decomposition of DTNB, the rate of decrease of 410 ma absorbance of tubes kept dark being slightly greater at 37 #{176}C than at 17 #{176}C.
Results
The lower lines in Figure 2 show that there was no change in TNB concentration when a solution of DTNB was irradiated unless ascorbate was present. To monitor DTNB during this experiment, we added aliquots from all three sets of tubes to excess cysteine solution, to convert the remaining DTNB to TNB, and corrected the results for the preformed TNB. The upper lines in Figure 2 show that the DTNB was destroyed under irradiation, but apparently more rapidly when ascorbate was present. We therefore suggest that ascorbate prevents the re-formation of DTNB from its photolytic fission products.
The relative rates of change in absorbance at 410 nm of a DTNB/TNB mixture with added ascorbate were 0.0062, 0.0071, 0.0086, and 0.0096 A/mm for initial DTNB concentrations of 40, 60, 110, and 250 mol/L, respectively. These results, the means of triplicate estimates each over 5 mm, show that the rate of change of TNB concentration increased with DTNB concentration, albeit nonlinearly.
The spectral absorbance curves for DTNB and TNB are displayed in Figure 3 . Also shown is an action spectrum, or plot of the rates of decrease in absorbance of solutions of DTNB/TNB as a function of irradiation wavelength, relative to the rate at 350 nm. The similarity between the action spectrum and the absorbance curve for DTNB establishes that TNB is not susceptible to irradiation damage; rather, it is the parent compound, DTNB, that is affected.
Light-exposed and light-excluded hydrolysis of propionylthiocholine by plasma cholinesterase (Figure 4) showed that not only was there a relative decrease in the test absorbances, there was also an increase in the blanks when the tubes were exposed. There was also poorer precision, and the apparent activities in the exposed tubes ranged from 78% down to 25% of those in the light-excluded tubes. 
Discussion
Disulfides are photolyzed readily in aqueous solution (6), and we have demonstrated that DTNB is a typical example of this, whereas TNB is relatively stable. The effect is much less under fluorescent light, which suggests that such light sources have little intensity around 325 nm in comparison with daylight. Exposure to direct sunlight leads to virtual bleaching of color from the cholinesterase hydrolysis tubes by 20 mm-qualitative evidence that DTNB photolysis increases with light intensity. The extent of photolysis is also related to DTNB concentration, although our attempt to characterizethe relationship was hindered by the strong molar absorptivity of DTNB: #{128} 18 000 at 325 nm (2). HorizontalIws represent individual testand blankabsorbances; rticaI linesco(respond to cholinesterase activities Details ofthe reaction mechanisms of disulfide photolysis are not frilly understood (6) . However, light fission of dithiols produces thiyl radicals (5). In the absence of ascorbate, interaction between thiyl radicals would largely result in the re-formation of DTNB. However, radical scavenging by ascorbate would protect the TNB already formed, but not prevent photolysis of D'FNB. Possibly propionyithiocholine reacts with 1YFNB photolysis products, which might explain the high blanks in the plasma cholinesterase hydrolysis experiment; it is similarly possible that intra-chain cholinesterase dithiols may be susceptible to increased disruption. Sensitivity of DTNB to light has clear practical consequences. We have demonstrated that it is a potentially serious interference in lengthy incubation as, for example, in batch methods for plasma cholinesterase, including the original Ellman method, in which 15-20 mm or longer incubations were suggested (4) . Similarly, estimations of protein thiols will be inaccurate if the samples are not protected from light. In addition, other dithiol chromogens (e.g., dithiopyridyl) are likely to be similarly susceptible at their respective wavelengths of peak absorbance. The obvious way to eliminate the photolysis ofDTNB is to exclude daylight. Our experience confirms another report (8) that DTNB solutions stored refrigerated in brown-glass bottles are stable for several weeks or months. We recommend that DTNB solutions be used only under subdued artificial lighting, or alternatively, that total light shields be placed around automatic analyzers if reaction cuvettes are exposed during any part of the hydrolysis incubation.
